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appeared, the first part having been already noticed in the GEOLOGI-
CAL MAGAZINE.1 It contains a critical study of the Cretaceous
Brachiopoda, and is illustrated by three plates ; the genera noticed
are—Terebratvlina. I/yra, Magas, Morrissia, Argiope and Crania;
comprising 23 species with their geological distribution.

Dr. Dupont's researches' in the Caverns and Quaternary Deposits
along the borders of the Lesse have been attended with much in-
terest. Fourteen caves were discovered. In one of which, the
Chaleux cave, about 30,000 flint implements have been exhumed,
together with many bones of the Eeindeer, Goat, Ox, Horse, Boar,
Brown Bear, Fox, Badger, Polecat, Hare, and Water-rat; most of
these animals are supposed, to have served as food for man.

In another cave, (Trou de la Naulette), the most important dis-
covery was made, human bones (a jaw and cubitus) were found,
associated with bones of the Wolf, Arctic Bear, Fox, Badger, Bat,
Marmot, Water-Eat, Elephant, (E. primigenius), Ehinoceros, Horse,
Eeindeer, Wild Boar, Chamois, Stag, Sheep, and. a Fish. Several of
these bones were cut and pierced by man.

The Quaternary deposits are divided into three stages by Dr.
Dupont—The upper stage, with Cervus tarandus ; the middle stage,
with Ursus spleaus; and the lower stage, with Elephasprimigenius'

:R:E:FO:E&TS

GEOLOGICAL SOCIETY or LONDON.—November 21, 1866.—Waring-
ton W. Smyth, Esq., M.A., F.E.S., President, in the chair. The
following communications were read :—

1. " On marine fossiliferous deposits of Secondary Age in New
South Wales." By the Eev. W. B. Clarke, M.A., F.G.S.

In Australia, until the year I860, the existence of deposits of
Secondary age had not been demonstrated, although Sir T. L.
Mitchell, in 1846, collected Belemnites and a few other fossils,
which are now said to belong to a Lower Secondary formation.
Since the year 1860, Secondary fossils have been collected by
several explorers, and the author therefore gave a history of their
discovery, with lists of the genera and of some of the species found
in each locality. His own investigations of the country near the
Maranoa Eiver, in Queensland, and the examination of collections
sent to him from localities between there and the Flinders Eiver,
have led him to the belief that there exist in that area formations rang-
ing from the Trias up to the Cretaceous. Mr. Clarke also stated that
the deposits occurring on the eastern and western sides of Australia
do not seem to be identical, fossils of the age of the Lias and In-
ferior Oolite having alone been obtained from the latter.

1 See Vol. iii., p. 175.
2 Bullet de l'Acad. Roy de Belgique, 2 me. eerie tomes sxi and xxii, 1866.
3 See Description of a visit to the Caverns, etc., of the Valley of the Lease, by Sir

W. Vernon Guise, Bart., and the Eev. W. S. Symonds. GEOL. MAO., Vol. III.,
No. 30, p. 564.
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2. " On the Madreporaria of the Infra-lias of South Wales." By
P. Martin Duncan, M.B. Lond., Sec. G.S.

Keferring first to Mr. Tawney's paper on the Sutton Stone, and
his own note on the Corals, appended thereto, as having been the
first-fruits of the recent researches on the Infra-lias in South Wales,
Dr. Duncan stated that in preparing this communication he had been
largely indebted to Mr. Charles Moore for the specimens which he
had examined, as well as for a considerable amount of information
embodied in the descriptions of the deposits. He then described
the strata of .Brocastle and Bwenny, giving lists of their fossils,
and especially of the new species of Madreporaria described in this
paper, and illustrated by lithographs prepared for the Paheonto-
graphical Society; he then stated his views of their geological
position, their relations to, and differences from the zone of Am-
monites Bttcklandi and the strata in France and Luxemburg, which
have the same homotaxis, and gave a general view of the distri-
bution of the Madreporaria from the Keuper to the zone of Am-
monites Bucklandi. The chief conclusions were: — (1) that the
fossiliferous beds of Sutton, Southerndown, Brocastle, and Ewenny
are important members of the series which intervenes between the
Trias and the beds containing Ammonites Bucklandi, Gryphtea incurva,
Lima gigantea, etc., and which have been named the Infra-lias ; (2)
that the Mollusca and certain well-known species of Madreporaria,
which are grouped together at Brocastle, have similar relations to
each other in the Calcaire de Valogne, in the zone of Ammonites
Moreanus of the Cote d'Or, and in the Gres de Luxemburg; and
(3) that the above-mentioned beds in Wales, constituting a coralli-
ferous horizon, are the equivalents of the Upper beds of the French
and Luxemburgian Infra-lias.

3. " On some points in the structure of the Xiphosura, having
reference to their relationship with the Eurypterida." By Henry
Woodward, Esq., F.G.S., F.Z.S., of the British Museum.

The author pointed out that Professor M'Coy's tribe, Pacilopoda,
was intended to include the Limuli, with Eurypterus, Pterygolus, and
Belinurws. Professor Huxley had already shown (in 1859) that this
classification was founded upon an erroneous interpretation of the
fossils, then (1849) only known in England by extremely frag-
mentary remains.

The object of this communication was to demonstrate, that,
although Professor M'Coy's classification was based on conjecture,
rather than upon a minute acquaintance with the anatomy of these
extinct forms, yet the subsequent researches of Professors Agassiz,
and Hall, in America, Professor Nieszkowski, in Russia, and the
independent investigations of Mr. J. W. Salter and the author, in
this country, have shown, that a close relationship actually does
exist between the Xiphosura and the Eurypterida.

The author then gave a detailed comparison of the structure of
these two divisions, which he proposed to call Sub-orders of Dr.
Dana's order Merostomata. He also pointed out that the Xiphosura
were divisible into three genera :—1st, Belinurus, Baily, having five



28 Reports and Proceedings.

freely articulated thoracic segments, and three anchylosed abdominal
ones and a telson; 2nd, Prestwichia, a new genus, having the thoracic
and abdominal segments anchylosed together; and 3rd, IAtmdus,
Miiller, having a head composed of seven cephalic and one thoracic
segments, followed by five coalesced thoracic somites bearing
branchiae, and one or more coalesced apodal abdominal somites,
to which is articulated the telson. Although so great a dissimilarity
exists between Pterygotus and Limulus, yet in the genera Hemiaspis,
Exapimirus, and Pseudoniscus, we have forms which, in the number
of body-rings, are intermediate.

The order Merostomata offers a parallel group to the Decapoda ;
the Eurypterida representing the Macrura, and the Xiphosura the
Brachyura. The author did not, however, intend by this comparison
to indicate that JAmtdus was higher in the Crustacean scale than
Pterygotus, but rather that the former was one of those low, but
persistent types, like the BracMopoda, which have remained un-
changed through long geological ages, whilst forms capable of
further development, like Pterygotus, have been, modified and dis-
appeared.

December 5, 1866.—Warington W. Smyth, Esq., M.A., F.K.S.,
President, in the chair. The following communications were read:—

1. " A Description of some Echinodermata from the Cretaceous
rocks of Sinai." By P. Martin Duncan, M.B., Sec. G.S.

The existence of Cretaceous rocks in the district of Sinai has been
surmised for several years ; but owing to the scarcity of fossils, they
have not been correlated with any of the Asiatic formations. An
examination of the Echinodermata collected by the Eev. F. W. Hol-
land from the limestones of Wady Mokatteb and Wady Badera has
enabled Dr. Duncan to show their parallelism with the red lime-
stones in South-eastern Arabia, the fossils from which he described
in a former paper. All the species not determined are well-known
forms, characteristics of the typical Upper Greensand of Europe;
but those formerly described from Sinai by MM. Desor and D'Or-
bigny seem to be peculiar to that region. The author observed that
by adding the Echinodermata from Sinai to those from South-east
Arabia, we obtain a fauna eminently characteristic of the Middle
Cretaceous period; and in conclusion he drew attention to the
interesting fact that the majority of the wide-wandering Echino-
derms had a tendency to vary from their types both in Europe and
in Arabia, while the rest remained persistent in form.

2. " Geological Description of the First Cataract, Upper Egypt"
By J. G. Hawkshaw, Esq., F.G.S.

At the first cataract the Nile flows over crystalline rocks con-
sisting principally of quartz, felspar, and hornblende, combined in
various proportions, and then appearing under the forms of syenite,
greenstone, hornblende, and mica-schists, or else occurring in sepa-
rate masses. In the bed of the river the surface of the harder por-
tions of these rocks is beautifully polished. The whole district is
traversed by dykes of greenstone, of which the prevailing direction
is E. and W.
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The crystalline rocks forming the bed of the river are overlain by
a sandstone, sometimes coarse and gritty, and at other times fine-
grained and compact. The prevailing colour is light-yellow, but in
places it is dark-purple and even black, owing to the presence of
iron. As yet no organic remains have been discovered in it. This
sandstone rests on the uneven surface of the syenite in slightly
inclined strata, dipping N.N.E. It is nowhere altered at its junction
with the syenite, nor is it anywhere penetrated by dykes.

To the eastward of the first cataract is a wide valley, commencing
opposite the Island of Philae, and joining the Nile valley again about
three miles below Assouan. Through this valley the Nile may have
formerly flowed, as freshwater shells and deposits of Nile-mud are
found at a considerable height above the present level of the river.

To the westward of the first cataract the crystalline rocks dis-
appear below the sandstone, and the country is almost entirely
covered with sand of a rich yellow colour, composed of fine rounded
grains of quartz.

3. " On the Drift of. the North of England." By J. Curry, Esq.
Communicated by the Assistant-Secretary.

Having first given a general sketch of the district under considera-
tion, and noticed the various rock-formations occurring therein, the
author described in detail the distribution of the drift, showing that
Ilie prevailing direction in which it had been carried was from north-
west to south-east, with certain variations, dependent upon the con-
figuration of the land. He then described the wide distribution of
Shap-fell granite, especially referring to its occurrence in radial
lines from the granitic mass, and called attention to the fact that
detritus of various rocks in the vicinity of the lakes has been carried
over the Stainmore ridge into the valley of the Tees. Mr. Curry
then described the occurrence of drift along the western slope of the
Pennine chain, and from Castle Carrock across the northern end of
that chain, as well as in the valleys of the Tyne and the Tees,
pointing out also the absence of drift from Alston Moor and Upper
Teesdale, and down the valley of Wear to the city of Durham.
In conclusion the author discussed the manner in which the drift-
materials had been transported, referring it chiefly to marine opera-
tions on ancient shore-lines at various altitudes ; and in explanation
of the fact that the upper limit of the drift is not at a uniform ele-
vation, he suggested that it may in great measure be due to a varia-
tion in the volume of the ocean instead of to elevations and depres-
sions of the earth's crust.

II.—NORWICH GEOLOGICAL SOCIETY.—On October 2nd, 1866, the
Monthly meeting of the above Society was held in the Museum. In
the absence of the President, the chair was occupied by T. G-. BAY-
FIELD, Esq. The principal subject of the evening was a communi-
cation made by C. B. Eose, Esq., F.G.S., " On the Cretaceous Groups
of Norfolk and Kent," illustrated by a section through West Norfolk,
and by specimens of the Sandstones and Fossils.

Mr. Eose commenced by stating that he had recently visited Folk-



30 Reports and Proceedings.

stone and Hythe, and had there examined the Chalk-marl and Upper
and Lower Greensands, and he thought that a comparative view of
the Norfolk and Kentish beds might be interesting as well as in-
structive to the members assembled.

The Cretaceous group includes the Upper and Lower Chalk, Chalk-
marl, Upper Greensand, Gault, and Lower Greensand.

The late Mr. Woodward, in his " Outline of the Geology of Nor-
folk," 1833, divided the Chalk with flints in Norfolk into Upper and
Medial, which Mr. Kose considered a legitimate division, justified by
characteristic fossils.

The Upper Chalk has a soft texture, and its characteristic fossils
are Belemnitella mucronata and lanceolata, very abundant; Cardiaster
granulosus, Ananchytes ovatus, some peculiar Ammonites, and large,
" Paramoudra," or " Pot-stones," as they arc called, so familiar to
people in the neighbourhood of Norwich. The Ananchytes is, indeed,
common to both the Upper and Medial Chalk, but it nowhere reaches
such a size, or is so abundant as in the Upper Chalk, proving that
the most favourable circumstances to its development then existed.
One or two species only of Inocerami are peculiar to the Upper
Chalk.

The Medial Chalk is harder than the Upper; Ammonites and
Belemnites are very rare in it; Inocerami exceedingly abundant, there
being no fewer than nine species ; the rare Cardiaster excentricus is
here met with. Mr. Eose remarked that geologists sometimes stumbled
upon colonies of certain fossils, and this Cardiaster is an instance of
the kind, which occurred to him in the parish of Swaffham, not
having met with a specimen since; equally scarce is Cardiaster
rostratus, Mr. Eose possessing but two specimens,—locality, Litcham.

The Lower Chalk is so hard that it is used for building purposes ;
Ammonites are tolerably plentiful in it, such as A. per ampins, A.
Austeni, A. Mantelli, etc.; these, with Belemnitella plena, may be
considered characteristic; as also the following, Echinidts, Discoidea
cyclindrica and subucula, Holaster trecensis, found in one locality only.
Inoceramus mytiloides is confined to this stratum. The Chalk-marl
is slightly gray in colour, and arenaceous. It may be seen at West
Dereham, near the Church, and at Hunstanton cliff; at the latter
place it is well marked by a great abundance of fragments of an
Inoceramus. Ttirrilites tvberculatus and Pecten Beaveri are charac-
teristic of this bed.

Of the Upper Greensand, Mr. Eose said, if there be a special bed
at the outcrop of the Cretaceous strata at Hunstanton, judging
zoologically, and from position, it is found in the white and red
zoopMtic beds—those containing the Madrepora paradoxica (Syphonia
of Woodward). The Gault in Norfolk occurs as the usual blue clay,
and as a red limestone at Hunstanton, viz., the lower division of the
red beds in the cliff. At West Dereham, Pentney, and Gayton,
where the blue clay obtains, the small Belemnites with Dentalium
eUipticum, and Ammonites dentatus, are characteristic. At Hunstanton,
Ammonites dentatus, A. lautus, A. tvberculatus, and others, also Inoce-
ramus sulcatus, with the small Belemnites, determine this Lower Bed
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bed to be the representative of the Gault of Cambridge and Folke-
stone.

The Lower Greensand at Hunstanton cliff is clearly divisible into
two kinds—a friable ferruginous sandstone, and a hard conglomerate.
At Bilney, between Swaffham arid Lynn, three varieties are distin-
guishable—1st, a brown tabular sandstone; 2, a green clay; 3, a
brown Carstone in large rhomboidal blocks. In Norfolk the Lower
Greensand rock is provincially called "Carstone;" organic remains
are ve.ry sparsely distributed through it. At Downham, Trigonia
aleeformis and T. clavellata are met with in a bed of ferruginous
sand; at Dersingham-heath, Nautilus radiatus, a Thetis, and a Natica,
simpar to those found in the Lower Greensand of the Isle of Wight;
at Hunstanton, Ammonites Deshayesii, and a Syphonia in fragments,
are found.

Mr. Rose next called attention to the Cretaceous group in Kent,
contrasting the physical characters of the Chalk-marl and Upper
Greensand of Folkestone with that of Norfolk; the Chalk-marl of
Kent being of an ash-gray colour, and the Upper Greensand of a
still darker gray, the Upper Greensand in Norfolk appearing as a
white and red limestone.

The Author adverted to the transition of the red bed of Hun-
stanton into the blue Gault clay in its strike southwards at Leziate,
from whence it continues entirely blue to West Dereham.1

The Lower Greensand of Folkestone is very calcareous. Dr.
Fitton divided it into a series of three beds, the middle bed of which
" abounds in green matter, and is retentive of moisture." On com-
paring these with the three beds at Bilney, previously mentioned,
Mr. Rose was of opinion that only the three upper beds of the Lower
Greensand of Folkestone are represented in Norfolk.

The inferior beds of the Lower Greensand at Hythe possess the
character of a greenish coloured limestone, which is sufficiently
calcareous to burn into lime, and abound in organic remains.

In conclusion, the author observed that a person acquainted with
the Norfolk strata only, would be at a loss to recognise those in Kent
as rocks of the same era. He therefore laid it down as advisable
not only to employ Dr. Wm. Smith's mode of identification of strata
by their organic remains, but also to call in the aid of position in the
series of formations; for example, when a stratum contains fossils
common to two or three other strata—the lower red bed in Hunstan-
ton cliff being a case in point—then its proper place in the series
must be decided by its relative position.

A cordial vote of thanks was passed to Mr. Rose for his very in-
structive paper.

1 The Artesian well-boring at Messrs. Colman's Works, Carrow, Norwich, after
passing through the chalk, struck a blue clay, containing Inoceramus sulcatus, Belem-
nites minimus, and other Gault fossils.—Edit.
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BEITISH ASSOCIATION EEPOETS.
SECTION C, GEOLOGY.

I.—BEPORT ON DBEDGING AMONG THE HEBRIDES.

By J. G-WTN JEFFREYS, F.R.S., F.G.S., etc

rpHIS exploration lasted nearly two months—namely, from the
i 24th of May to 14th July, 1866. Although its main interest
is of a zoological nature, yet, in some respects, it has so important a
geological bearing that we should be wanting in our duty to our
readers if we allowed it to pass by unnoticed. The following
extracts illustrate the advantages to be derived by geologists from
a careful examination of recent marine areas in investigating the
conditions under which the- successive fossil fauna of our island
existed in remote periods of time.

" Some of our most conspicuous and prized shells, that are also of
a northern type, are wanting in the Hebrides. Saxieava Norvegica,
Natica Grardandica, Buecinum Humphreysianum, Buccinopsis Dalei,
Fusus Norvegicus, F. Tutroni, and F. Bernieiensis are in this category.
All the above (with the exception of Buecinum Hurnphreysianum,
which inhabits Shetland and the coasts of County Cork) are met
with on the Dogger Bank; and the first two are fossil in the Clyde
beds. Six out of the seven being univalves, I would venture to
surmise that their non-existence in the western seas of Scotland may
have arisen from the circumstance that the diffusion of univalves is
slower than that of bivalves. The spawn of the former is attached
to the spot where it is shed, or in a few cases (eg. Capulus and
Galyptrma) it is hatched within the shell of its sedentary parent;
so that the fry forms a colony, and need not roam to any distance,
provided it has a sufficient supply of food and other requisites of
habitability. Not so with bivalves. These shed their ova into the
water, or else (as in some of the Kellia family) hatch them within
the folds of the mantle, whence they are excluded on arriving at
maturity. Their fry swim freely and rapidly by numerous en-
circling cilia. The metamorphic state lasts many hours. During
that period they can voluntarily traverse considerable distances,
or they may be involuntarily transported by tidal and oceanic
currents. Time is the only element necessary for their widest
dispersion over the adjacent seas, where no barrier intervenes.
Should, however, such an obstacle present itself, whether in the
shape of previously-existing dry land—like that which separates the-
North Sea from the Atlantic—or from an upheaval and drying, up of
the neighbouring sea-bed by geological or cosmical causes, the further
diffusion of any inarijie animals in that direction must necessarily be
stopped. An opposite result would, doubtless, be produced by a
sinking and submersion of dry land below the level of the sea,
whereby the diffusion of such animals would be greatly facilitated.
This appears to have been the fluctuating course of events since the
formation of the Coralline Crag, which was probably the cradle or
starting point of our molluscan fauna—a period long antecedent to
the last Glacial epoch, and incalculably far beyond the advent of man,
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unless his origin is much more remote than it is at present supposed
to be. I am not inclined to attribute the northern character of some
of the Hebridean mollusca to the persistence of what have been
called "Boreal outliers." The idea savours more of poetry than of
philosophy or fact. The boreal or truly arctic species which once
flourished in this district have become quite extinct, probably in
consequence of one of those revolutions above suggested, by which
the sea-bed was converted into dry land. These boreal species
consist chiefly of Ehynehonella psittacea, Pecten Islandicus, Astarte
erebricostata or depressa, Tellina calcaria, My a truncata, vai*. Udde-
vallensis, Trochus cinereus, and Athyris Molbollii ; and I have lately, as
well as on a former occasion, dredged them on the coasts of Syke and
West Boss, at depths of from 30 to 60 fathoms, or 180-360 feet
They had a semi-fossilized appearance. Not one of the above-named
species has ever, to the best of my knowledge and belief, been found
in a living or recent state in any part of the British seas. All of
them occur in Post-tertiary or Quaternary deposits on the west
coast of Scotland, from a few feet above high water mark1 to 320
feet above the present level of the sea.3 The greatest subaerial
height (320 feet) being added to the greatest submarine depths, as
above (360 feet), gives an extent of elevation and subsidence
equal to 680 feet. But as Pecten Islandicus, for example, now
inhabits the arctic ocean at depths varying from 5 to 150 fathoms,
let us take the average of these depths—viz., 77g fathoms, or 465
feet, and add it to the 680 feet. This would make 1145 feet, and pro-
bably represent the height at which the sea-level might be supposed
to have stood when P. Islandicus lived on the highest •fossiliferous
spot, noticed by Mr. Watson. The non-fossiliferous Boulder-clay,
indicating the simultaneous presence of arctic land, which was also
subject to glacial conditions, is stated by Mr. Watson3 to be about
800 feet higher than the marine deposit. The height of the layer
of sea-shells on Moel Tryfaen. in Carnarvonshire (evidently the
remains of an ancient beach) exceeds that of the similar deposits
at Cardigan by more than 1300 feet; and the difference of height
observed in the case of other fossiliferous deposits in the north of
England (e.g. Manchester and Kelsey Hill) shows that the disturbing
movement has been unequal and probably not synchronous over the
same area. It would seem that the extent of such oscillation has
not altogether amounted to 2000 feet in the British Isles, taking
Moel Tryfasn as the greatest height, and the Shetland sea-bed as
the greatest depth, at which quaternary shells of recent species occur.
The Scotch and Irish deposits, however, are on the whole far more
ancient than those of Wales and England, judging from their geo-
graphical nature; the former are chiefly arctic, and the latter merely
northern. Whether other parts of the North Atlantic sea-bed have

1 British Association Report, 1862, Trans. Sect. p. 73; Jeffreys on an Ancient Sea-
bed and Beach near Fort William, Inverness-shire.

s Transactions of the Eoyal Society of Edinburgh, 1864, p. 526; Bev. E. B. WatsQn
on the Great Drift-beds with Shells in the South of Arran.

3 U. pp. 324.

VOL. IV.—WO. XXXI. S



84 « • Hitchcock—PMroleuih in North America.

undergone a much greater change of level since the Tertiarjr epoch.'is
not so weir established. Dr. G. C. Wallich, in his admirable ;anS
philosophical treatise1—with which all marine zoologists and geo-
logists are, or ought to be, familiar—believed that certain staiNfishe's,
which he had procured at a depth of 1260 fathoms (7560 feet), in lat.
•69o;27':N., long. 26° 41' W.,. about half-way between Cape Farewell
and the north-west coast of Ireland—were originally a shallow-wate'r
species, but had gradually, and through a long course of generation's,
accommodated themselves to the abnormal conditions incident oti the
subsidence of the sea-bed."2

" The Hebridean sea-bed, at very moderate depths (which Dr.
Wallidh would call " shallow-water ") mainly consists of a soft
and, more or less, tenacious mud, mixed with stones of different
sizes, and resembling in its composition "the Boulder-clay or
Glacial drift of Scotch geologists. It tells us of rocks ground
down by glaciers year after year in an arctic region; of the mud

: produced by such attrition being carried into the sea in the melting
season by overwhelming floods, " non sine montium clamcire" (see
-Dr. Kane's description of the great Humboldt glacier)-; of its
dispersion over the sea-bed by the action of tid«s and currents; of
the deposit thus formed being inhabited by a variety of animals of
a high northern type during a long and quiet course of time-; of the
sea-bed being elevated by Blow degrees above the surface of the
water by an agency which we cannot satisfactorily explain, but which
may be volcanic, or, perhaps, steam ;3 of the consequent extermina-
tion of these marine animals ; of an interval during which the raised
sea-bed wSs dry land; of a gradual amelioration of the climate; of
another oscillation of the earth's crust iq a downward direotion,
when the surface of the land, covered by its former deposit, again
becomes the bottom of the sea; and of a fresh succession of jlife
which is still in existence. Thus a oycle of similar events continually
recurs. Nothing is lost or altogether perishes; all the oldJ materials
are used up and assume new forms."

II.:—PETROLEUM IN NORTH AMERICA*.

By Professor C. H. HITCHCOCK, M.A.

TPYUBING- the past six years the United States of America have
\ j produced about 450 millions of gallons of Petroleum. The
average daily.yield for the past year (1866) has been at least 12,000
barrels. The business of collecting, transporting, and refining it
employs as many hands as either the coal or iron trade. The
economic importance of this comiriodity, therefore, demands'a paSs-

. ing notice of its geological relations.
1 The North Atlantic Sea-bed, 1862.

'* te.rp.-4l.
> Vide Mr. R. A. Peacock's pamphlet " On Steam, as the Motive1 PoWer in Earth-

quakes and V61canees, tmd on Cavities onr the Earth's Cnist." Jersey, 1866.
* This notice of the geological relations ef-Petroleum in North America, Tiasije^n

obligingly furnished by the author.—ED.
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j ' 1. tRefeoleum sometimes occurs in sywlhtf/i basins like the sub-
iterranean streams of water-penetrated iby .Artesian hore->holes. This
.ae ifhe(Oase in Western Pennsylvania, :the most prolific of till the "oil-
regions." It is found beneath three sandstones iO.r sets of impervious
iBteata,(Calledthe "first," "second," and "third." Intbesmall-yield
wreUs the;oil may constitute the drainage of an 'inconsiderable thiuk-
ness of saturated layers. The fluid may often areguire ;the aid iof
.ijmmps to ibring it to the surface.

2. Petroleum may occur in cavities and fasurepin the strata, either
•upon synclinal basins or anticlinal slopes. Theiexistence of a cavity
is inferred from the prodigious flow of fluid, as flf the Grant Well,
which .at the time of my •visit was spouting in a,hissing stream 1800
barrels of petroleum every day. Many of these wells .discharge their

'.products intermittently. Besides petroleum, brine:and gas are com-
monly, if not universally, discharged from theiorifice,; and we may

suppose that before the tapping of the cavity they were arranged
according to their specific gravities, the gas uppermpst.and the brine
beneath the others. The varying phenomena .of discharge may be
explained iby ^supposing different tparts of the ejtyity ;to have been
reached by the boring rod in the several instances. Wihen a cavity
is large iwo:or more bor^hQles:may;penet«itesit,;as'was-iJie case with
the celebrated Phillips and Woodford Welle. (Generally the wells

joif _one^neighbourhood seem to have some eonneetion With one an-
other ; for if old and unproductive holes are not closed, the discharge
(from new • and promising wells is impeded. Abandoned holes should
(always .be plugged up; partly for the benefit ,of new.enterprises,
^nd partly because it has been • discovered that .by rest they will
.again become productive.
: The roleiferous reservoirs may be irregular ;eavities—rvertiegl,
!horizonW,:or inclined fissures; an enlargement,- of natural joints,.e_tc.
Explorers look for regions where the strata have been much folded
.-and ;broken, premising that the dislocations may ;produce.cavities.;in
«,which fluids will collect. . .
.; 3. {Petroleum may occur along lines of faults. Examples of Mm
.nature ar»;in Western Virginia, Cumberland ..and Barren Countie$,
yKentucky, and elsewhere.

4. Petroleum may exist in great qnantitiesbemathiimtid/inaZ.avclm-
'These :run into No. 3. Examples of this nature are in .Albert Co.
iH. B,,;Gaspe C. E., and in the productive region of Canada West.
The roof; acts as an impervioBs cover to confine,the fluids until the

;drill of the workman appears foritheir liberation.
These feets show us where to expegt petroleum inconsiderable

amount. Tf we search in that area where thei0ilJa.yer;comes to the
i*urface, or its distribution as represented iby the colors; of ftigeological
map, we shall find only shallow and small producing-w$lls. Never-
fheleas liese maybe more permanent than the deeper ones, .and may
ifeeiprofitably worked from generation to generation where labour is
inexpensive. The great wellssinvolve three .esseniaals-^-first, plenty

uOfibitomiBoas matter in t ie petroleum foneaiion, from whence an
abundant supply mâ y be drawn,\ second, eavitjesan^esevices in the
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strata; third, an impervious cover, like the roof of an anticlinal, to
have prevented the escape of the fluids in past ages. The best
" surface indications " generally guide to shallow wells. The best
reservoirs have been found at considerable depths. :

5. There are no less than fourteen different formations in North
America (not including the West Indies) from which petroleum has
been obtained, generally in productive amounts.

(a) Pliocene Tertiary of California. This has been known for a
century.

(6) In Colorado and Utah, near lignite beds of Cretaceous age—
not yet explored.

(c) In small amount in the Trias of North Carolina and Con-
necticut.

(d) Near the top of the Carboniferous rocks in "W. Va. Most of
the producing wells of this state are from this horizon.

(e) Shallow wells, near Wheeling, W. Va., and Athens, 0., not
far from the Pittsburg coal.

(f) 425 feet lower, near the Pomeroy coal beds.
(g) At the base of the Coal-measures, in Conglomerates or Mill-

stone grit.
(ft) Small wells in the Archimedes limestone (Lower Carboni-

ferous) of Kentucky.
(») Chemung and Portage groups—certainly three different

levels—in W. Penn. and N. Ohio.
A careful study of the distribution of the producing wells upon

Oil Creek has satisfied me that they are arranged in four groups, with
scarcely any intermediate stragglers. These centres are at Titus-
•ville, Petroleum, Cherry Kun and vicinity, and about Oil City.
Those at Pit Hole constitute another group. The quantity and
quality of petroleum obtained is proportioned to the depth attained
by the bore-holes. Shallow wells yield a small quantity of superior
quality, because heavier. The lightest oils generally come from the
greatest depths. In the Cherry Kun districts the wells in the valley
average 550 feet in depth; those at Pit Hole average 620 feet. At
both these localities attempts have been made successfully to obtain
petroleum by boring into the hill-sides ; and that from levels above
the average depths of the valleys.

(j) Black slate of Ohio, Ky., Term., or the representatives of
the New York formations, from the Genessee to the Mar-
cellus slates. This is near the middle of the Devonian.

(£) Corniferous limestone, and the overlying Hamilton group
in Canada West, extending to Michigan. This is largely
productive. :

(I) Lower Helderberg limestone, at Gaspe, C.E. This is Upper
Silurian, and awaits development.

(m) Niagara limestone, near Chicago. Not yet remunerative.
(«) In the equivalents, of the Lorraine and Utica slates and

Trenton limestone of the Lower Silurian, in Kentucky
and Tennessee. One well in Kentucky in these rocks waB
estimated to have yielded 50,000 barrels.
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immense territory in North America—several hundred thou-
sand square miles in extent, underlain by the formations mentioned
above, in an unaltered state—assures the world that the petroleum
of the New World, like the coal, is probably practically inexhaustible.

6. Petroleum is unquestionably of organic origin. In my opinion
the great mass of it has been derived from plants; but some think
it comes from animals, being either a fish-oil or a substance related
to adiposcere. It does not appear to be the result of a natural dis-
tillation of coal, since its chemical composition is different from the
oil manufactured artificially from the cannels, containing neither
nitro-benzole nor aniline. Moreover, petroleum occupied fissures in
the Silurian and Devonian strata long before the trees of the Coal
period were growing in their native forests. The nearly universal
association of brine with petroleum, and the fact of the slight
solubility of hydro-carbons in fresh, but insolubility in salt water,
excite the inquiry whether the salt-water of primaeval lagoons
may not have prevented the escape of the vegetable gases beneath,
and condensed them into liquids ? The hint appears to be worthy
of consideration.

To the Editor of the GEOLOGICAL MAGAZINE.

SIR,—THE FAULTS IN THE DRIFT AT HITCHIN, made the subject of
correspondence in your Magazine, were shewn by me in the litho-
graphic sections accompanying the map of the Drift of the East of
England, which I printed for private distribution in May, I860 ; and
a copy of which is in the libraries of the Geological Society, of the
Woodwardian Professorship, and of those of roost other scientific
bodies. This was more than a year before Mr. Salter, unacquainted,
as I understand, with that work, had his attention attracted by them.
I now write to call your readers' attention to the fact that the most
striking features of the Hitchin section do not appear in Mr. Salter's
paper. The sand and gravel which has been slightly faulted at the
Station, is that which, in thickness varying from twenty-five to sixty
feet, underlies the wide-spread Boulder-clay (termed by me the Upper
Drift) over most of the East of England; but which has a more
limited extent in the north-east portion of the Central Counties,
where the upper Drift rests most frequently on the older rocks.
Now this sand and gravel (or middle Drift) is always strictly con-
formable to the upper Drift; and over western; TJ^ttfordsiflre lies

'•generally at the surface, owing to the denudation df-tlie" upper, which,
there occurs only in outliers. In the centre of Herts, between Bal-
doek and Buntingford, and for some way south of the latter place, it
is generally absent, the upper Drift resting on the Chalk. If any of
your readers will walk up the Great Northern Eailway, from Hitchin
to Hatfield, they will see, at Wymondley cutting, this middle Drift
rising up sharply from beneath the upper, and (except where it is
capped, near Stevenage, by the upper) occupying the cuttings as far


